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INTRODUCTION

A method of organizing design oaloulations for the oooling systems
of airoraft power-plant installations has been developed for use by
representatives of airplane and engine companies invited by the Mate’rlel
Division, Army Air Corps Liaison Offioo to partiolpate in the activi-
ties of the NAM power-plant installation section at-the Langley
Menmrial Aeronautloal Laboratory, Lcngloy Field,.Va.

A sohematic errangcmnt of a heat exohanger with a cooling-air
duet is shown in figuro 1. The system consists of three parts:
(1) the entrance duet, which slows down the cooling air and converts
most of its dynamic pressure to static pressure; (2) the heat exchsnger,
in which scmc of the static pressure is lost; and (3) the exit duct,
whioh converts to dynamic pressure any surplus of static pressure
above the value at the exit.

At station O in tho free stream ahead of the entrance, the air
has a static pressure Po, a velocity V. relative to the duct, end
a dynamic pressure qP●

As thu air epproctchesthe entrance at
station 1, its velocity decrcastis,and the dyntunic?rassure is partly
oonverted to st~tic prescura. From stotion 1 to station 2 the
velocity continuos to docrokse, usually to thu point where the dynamio
prossure is negligible, with a corresponding f’urtherincrease in static
pressure. 1.sa result of the losses in the entrsnce section, the
inoreaso in static nressurc from station O to station 2 is loss than
the decrease in the dynamic pr~ssuro.

The air on ontoring tho heat oxchangor is accelerated because of
the reduction in froo area ax:don leaviug is decelerated to a velocity
equal to the velooity at station 2. The internal resistance of the ,
heat exuhangor oauses a relatively large loss of stetlo pressure.

From station 3 tm theoutlet tho static pressuro drops to that of
the frea stream, and the dynamic prossure rises to a value less than
that of the free-stream dynamic pressure by an amount equal to the sum
of tho lossas of the entire system.

The addition of heat to the cooling air in the heat exohanger
makes no ohange in these fundamental principles; but, in the oaloulation
of the internal horsepower and the exit aren, the effeot of the heafi
on the density of the air must be taken into aooount.
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* SYM130LS

duet orose-seotional area, square feat
compressibility faotor
weight rate of alr flow, pounds per s~oond
stntio pzmssure, pounds “persqwre foot
pressuro loss, pounds pm squore foot
volumo rate of air flowl cubic i’cetper sooond
tempernturk, ‘F mbsolute
tempernturc kise, oF
velocity, fact per second
aoceloration of grnvity, ikt ~er seoond pcr scoond
dynmlc prussuro, pounds -mr sq:wro foot
mnss dcmsity, sl~qs per cubio foot

rolntive dunsity

width

Subscripts:

0s 1, 2, 3,4 strtion numbers Cm in figure 1 “

ILLUSTR.TIVZ l!XfMPLES

Computations”solocted from Pm cnalysis :~~doin conjunction with
one of the dosigns devolop~d by mmbcrs of tho W.CA pomr-plnnt in-
stallation section aru used to dorr%nstrr.tuthe systcm cf calcula-
tions. Design vnluus thnt oocur throughout the oxmplo hnvo bOOn
selootcd for the partioulnr dusign under considorction; whcr~
possible, roforoncos aro listed for selecting similar values fcr
other typos of design,

TIM pawer-plant installation wos dcsignod for n lcng-rnngo
bombor, powerud by four 2000-horscpowor ongincs oquippod with turbo-
superoku=gers. The pertinent dr.tafor tho engines rro given in tr.blu
I and for tho cirplr.naporformnnoo rrc @van in tablo II.

A goncrnl arrangommt of tho povmr-plr.nttistdlation is shown
in figure 2. All cooling cnd chrr;~orir is tnkcn in ct thG noso of
the oowling: Air for thu superohmgcr intrke, Gil ooolors, nnd
inkerooolors enters through the outer mnul.us rnd flows through ducts
distributed @round the periphery of the ongino. Cooling cir for the
engine flows through thu inner annulus over tho ongino findis dis-
ohe.rgodthrough outlots botwoon tho chrrgo-air cnd the cooling-air
ducts ●
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Alloooltig oaloulations are baaed on Army mmmwr air, “@ioh has
t+ti~a% pressure ,qsstandard air (referenoe 1) but has a temperature-..,>, .
@o F grea~or %.an standard *hrou@out the range oohaiaored. Pro-

d perties of this d.r are given In table III.
m “.

I Engine Cooling System
.

Detailed oomputatlons for the engine oooling system at the higjlk
speed oondition, under normal rated power at 20,000 feet, are pre-
sented In form A, which is the master form suggested for use on all .
oooling systems of the powr-plant installation. The free-air ocul-
dltions for pressure, temperature, and density are first seleoted from
table III for station O and entered in the form

P. - 972 lb/sq ft

To = @~ F abs,

Po “ 0,001160 slugs/ou ft

From tablo II fer 20,000 fuet the high speed in Army air under normal
power is 358 miles per hour, oorrcsponding te V. = 525 feet per sooond.
The dynsmio pressure is

q = $pVo2 F.

whore
given

the oomprcssibility factor Fa derived from rofmence 2 is
by tlm relahion

(Vy.oo)a

[1

(v#ioo)2 2 .
F= =1 + 1,035 ~ + o.l@2 —

To
+ .mm

n

Therefore

G [1
2

F. = 1 + 1.o35 5925 + 0.422
%#-

5.25”2

7 7
= 1.063

qc- $0.001160 x (525)2 X 1.063 -170 lb/sq ft

Stationl has boeriincluded in order to nrovide in oortain fllght
conditions for an inoreaso in proasure through tho propeller or for a

. detailed analysis of the losses for a oomplioated inlmt duet. For
the oaso at hand, tho computations of the vduos for this staticinare
unneaessarym

-...
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Theproperties of the ooollng air in front of
atation 2 are now required to determiti the amount

the engine’.nt
of air moo soary

for engine oooling. ‘Inaemuoh aa the dynamio pressure at station 2-
1s -11, the oomputatione may be simplified ~ assuming &t all
dynamiopressure exoluslve of duet losses is oonverted to statio pres-
sure.

The *O oolumns in form A umler the heading Transition are fcw
reoording the ohanges that 000W between the preoeding station and
the station under oonsideratlon. The oalumn headed AP givee only
the lmsea of total pressures conversions of dymmie pressure to
ctat~ssure or vioe varaa are not ho luded in ths values in thio
●ohmn. The oolumn for AT shows values fcr the change in tempera-
ture, regardless of OEUSO, and Inoludee both adiabatic ohqes and
changes due to heat transfera.

For the entranoe duet wwd in the design it !● probable that
approximateIy 90 peroent cf the free-stream dynede prossure oan be
eomerted to statin prossure at the front faoe of the engine. In
other Words, the entranee-diffueer loss is estimated to be 10 peroent
of the free-stream dynamio ~ea6ur@J 1’7pounds per Wpre foot.
Aooordingly,

ti-972”lp” 17 = 1125 lb\@q f’t

The temperature rise duo to adiabatic oompression of the air
fn the diffuser inlet oan be expressed in terms of the velooltiec
alone

A%.2.0.832[(’&J2. (gy
!l%isexpression ie deriwd fkom referenoe 3.

As previously noted, V2 is negligible, and the temperature
rise used for the oomputatlon is

HV() 2
0,832 ~ = 0.832 (~m25)2 - ~e F

Eenoe, the absolute temperature of the air at the froti faoe of the
englm la

~ -407 + ~ -510° F aba.

The maes density of the air may now be oomputed from standard
eea-level density as followas
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Pa
— = 0.001285 shge/cm ft“ owm3 ~2

The various engine manykturqrs use different ~thods for -
rwlng at the Smoulrt of Clooling alr requlrwl and the Cmrre6pond3ng
pressure drop. All these mthode, however, require a knowledge of
ths mndltion of the alr at the front of the engine. A typicel m-
smple of moh a mthod is to be fouud in referenoe k. For the ease
of fmm A the regulred alr flow 1S 37.3 pounds por semnd @ t~
oorrespond~ pressure drop 10 Z pounds per square foot.

The c~utatlon of the velocity at the faoe of the engl~ 18 now
poaslble. In this case tho velocity is found to be about 60 feet per
second, not enough to make any appreciable change in the static
pzwssure (+.3 lb/sq ft) or In the absolute temperature (-0.3° F abs.)
at the faoe of the engfne; henoe, the dashes In the tablm indicate that
the quantities regarded as zero are allowed to stand.

Behind the engine at station 3, the tramit ion column shows the
51 pouuds per square foot pressure drop given by the manufacturer and.
Inaemuoh as the dynamic pressure is negligible, P3 = P2 - ~%3
= 1125- 51 E 1074 pounds pr square foot. The temperature o-
ls thtained by dividing the heat re$eotlon from the engine (25,000 Btu
per min specified by mantiaoturer) by the specific heat of air and the
wel@t rate of air flow.

T3-T2+dP =510+47=5570 Fabs.

It is unnecessary to evaluate the density at this station.

The pressure loss frcm tiation 3 to statiom 4 1s estimated to be
5 peroent of ~ or 8.5 Pounds per sqwme foot. For simplicity, tt
1s assured that the exit process coneieta of a pressure loss vlthout
OhEUW of temperature followed by an adiabatic expansian. The air 1s
therefore re~d as expanding adiabatically frmu a temperature of
X@ ~ d a pressure of 1074 -8.5 = 1065.spcnmdeper square foot to
free+tremn static pressure at the eSt, 972 pounds per square foot.
I&cmlthe the~~ ProPetitis of pSrfOOt gases, the absolute
temperature

temperature

sums

at the end of suoh an expansion is the produot of the tnittal
and the 0.286 power of the ratio of final to initial pIR9*
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0,286

T = 557 9W
L m

= 5&2,56° Fabs, “

a temger~ture drop of lhout” F.

Tho sntisfnotory ovnluatic!nd thG exit vulocity re.quirosnn
aocuraoy of four significant figures in tho vrlue of AT nnd
nocessitr.tostho use of logarithms. h this ?rocoss ia adicbntio,
the exit volooity ornmbc obtained diractly frotithe tompcrntuzw drop,
and

.. J
. .

.1 .(1. .
~\2” . “ “

: T3;h -4 “. .. “ “... = -0.832 ~~ .
, .“.. . ..,. . ..

. . . . . . .
..:

“r
“ 14J4! =4~~.Qfi;~oc :: “ ‘ “V4= loo ().8X

Upoq determinn.tim of the dcntiitydf the.rir nt tho oxit cad
by “usecd’th6 z.ovieusly obtp.inodtiight-fl~ rat~, t.i~.volume-flow
rate is found to be 1110 “c-~bicfoct mr Socorid. “Attnc “~xit
yelocity of 4.6..8fo~ti~r Sccondp nn <Jxitnran of 2#ti squ”’~ feat
is roquircd.“f . “. . . . .

:
Tho intcmml powar consumption of the onginc oooling systum is

obtaingd from tic rate” of.ohr.nco”of momentum of tiicc“o~lir.~air,

weight/seo ~ v, (VO - VJ. “37=3~ 525(525_ hl~)= ~>1~p
32*2 “ “ 550 “ .- 32.2 . 550 .; ,

Owing to thd mrnncr in which th~”now.r hcs boon bombutud,:th~
?krodith cff60t duo to *ho cddition of ha’:tis”includ.d. A dis-
cussion of the rolption nf Eurodith cff..ctto cooling horscpomr is
given in roicrcmoo 5.

The rcsulta of similpr crlcdr.ti~ris on this rnd othur operating
conditions over on cltitudo rrul~-,f-rOns~~ kv.1 tO 25,000 fuct fi~
given intablos IV, V, r.ndVI. Tho vnri-.tionof..-Cincnccceling-?ir
oxit Hroa with altitudo and conditidn of fli,ghtis w~scutcd
grnphioally in figuro 3.

.. . .. .. .... . .

Cii ’cockr “ . ..: “ .

J
:.....

It Is woeaecry to sblvok nn:oil.caolcr kfnrc &ocoeding .
with the omlysis sf th6 systiomconk~ning”tha 6oolkr. “%ocusa an
oll .0001crcdoqu?tu far clinm rt sw .l~Jvelis usurlly .spt~sf:kctory
for all ~thor fl.i~t conditions,‘Rprclimincry ~hoiti$is mrdc on this
basis, “

.. . . .. .
... .

... . ... .
... . ,. . ... ... .
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form,.-..”,... ,

.

Dctrton cormwroif.1oil coolurs c,ru
ns shomn in figure h. Tho OUrVCS
.. . . . .- . . .. . . . . -

ofton prosontod in curvo
show thu hcc.ttransfar

..-.

Btu/kln

100° F tump. cliff.,av. oil and untcring dr

dottod n.minst cooling-air flew in nounds gor minutu for sGvawl
rrtws of oil flow. & additicmcl ckvo sh&-rs tiw prwsuw drop
r~quirod to ~roduoc cny flow rntu si’stm:do.rdr3cn-lfivcJlnir. For
ruy other condition t~ ~bE3m~ drop is dot~rmi~d by dividing th~
7FlUC)obtw.imjd nom WC ~-urw by ~ ~, the rolotivu density of’tho rdr
“fttk fccc.of’the coolur.

65@o/2 - 252o Bt:~’kd.n

(~ - 563)/K@ lGOO F dif’f’.

~~ “ ‘7D4iII..wt.r - 3d.5 lb/sq ft

— -..
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Intorcoolor

TWO ft.ctorsnninly dct:rminc tho selection of rn intorcoolcr;
th~ woi~t rftu of flow of t,]~in~ch:’rgufir nnd tho rGquirod inter-
coolcr sff.ctiw:was. The ~ff~otiti~mss is dofimd cs thG rf?.tioof
the tcr.~rflturcdrop of tk cngiuo chfrgu Fir RS it goc.s throu# tho
coolar to tlk tzm,~rptur~ diffcronco b~twum th~ hot chrmew nir [.nd
the cooli~g tir F.S~thay~ntur tho ooolcr.

Thu tcmn~rc.tur~sof th~ cir cutcring thu wapurch”rgcr cxd tho
0001iil~fir u:tcming the inhrcool{ r rrc ilot~rmimd in tk scm rwnnor
ES is th,>tampmw?turc of thc”fir r.tth~ fnco of tiILcr.gir~c,

Tho r.bsolutc.t.mpm~turc of ML air lcr.vingthe supcrchnrgor
Tb is obtc.incdfrom tha rcl:tioa

whorc

As r.ricxrm?lci,consider tk climb for norm-l ri-tud
25.000 feet in Army Liir,tho tc.bullr conputltions for w!~

rgcr

form B. Tho fiir‘t the mtr~::co to ths-suprchrrgur fit’s‘ pr~ssurc
of 855pounds oor squ-ro foot ::ndF tumporrtur~ of .@2° Fm From to.hlc
I tho roquircd crrbuntor rmessuru for norml rc.tod pcwtir is 28.1
inches of mrcury. An ollcwnnco of 1.35 inches of mcrcu.ryis mrdc .
fpr prossuro 10SSOS from tho supcrchcrg~r o~tlot through theeintor-
coolcr to thu c[lrburctorinkt, rr.kia.gthe ueccss-ry sup~rchrrgcr
●utlet o~ss”aro 29.45inches of murcury or 2061 pounds xr Sq.irro

foot. With c tcmpc.rr.t:lruofficimcy r~.tioof 0.6, th~ sup..rclmrgcr
o~tlct k~~rf’turfJ is
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The re@rud orrbu.mtor tcmWrnturo from tcblu I is 100°.F
‘(_559-0~ nbsa) md tho cooling E:itir.tthe tintrahcaof-iik iritwrcoolor
is @o F nbsolutoa Tho roquirod effootivunoss% Qmrcforcr

‘suwrohmrgor outlet-T carburetor“

Tsuperchrrgsr outlbt‘Toooling-air iilht - %?ra? “ 00”’5

At norm.1 p-m tho ohnrgo-alr oomsumptior, which rust bu cookd
to this sffoctivonoss, is 3.88 pounds pur saoo.nd. The number of
possiblo intoroaolors to meet thcsa conditions is ualimitul but is
successively nnrrcwnd down to meet oonditicms of press-urudrop
nvnilnblo, spe.oolimitc.tion,~ml pomr roauirwl. The lmit invr3sti-
g~tod neosuros 8 hchoc in +Jm direction of oooling-~ir flow, 14
inChCs in tho din.ction of ohrrgo-~ir flw, t?nd 41.5 inche~ in tho
r.o-flowd~r~ction. Chrr~.ctcristicsof this ●mdt r?plicrblc to :my
r,o-florlungth -ro w..scxtod in f!.pu-~6. (An cxplrn~tion of this
typo of curvu is ~iv(:nin rdurcmco 6, kogo%~r with similrr ctmws f’ar

n vfricty of intmrcodcrs. CiurSs for tho dosig% of mrtnia ty~.s
of tubul~r int.zrcoolc.rrm givwa in rl.fmdlcvs 7 r~d G.) Entering
with :.chfirgoflow p..rinoh cf wi~th of 30813pounds ?~r second
+4+1.5~nckos = 0.0935 polmd pw scooriCL?u= irfih.@Tcs f3~#P2 for
the ckrgc nh, P. vr.luo.sf5.6 ir.cks of w?t,..r. Yho intw.r6cction of
this V[lUC with r.coolrr effuctivc:mss of 0.~5 iudicctl:s~ lL:,JPL
f’ort.% cooling r.ir,r v:lu~ of 3.99 incks of wntcr [ml c caoli~~g--.ir
fl~.~rctc of G.19 pcnmd n.r S..COI-idxr inch, or 7.’98pounds p-r sccanrl,
nr.xjtlgthr r-tin of cnoling-uir flow to ch.crga-:h flow 0.19/0.0935
= 2.o4. Tn.>tr,m.x=r.turcrise of tho caolir.gfir is tic twwrmturu
troy of tkc ch:rgs rir divided by th~ rctio of cooling llir to ch,)rge

i40
rir; = 68.5°J?,

z-m+
r.ndth~ rKrrItcmpf?rrtti.s af thw ~i.ris tho

t.t.wurrtro rt tie cntrmco plus onc-k-lf this tcnporcturo rise,
I&? + 34.3= 516°F absolutz. Corrusporidiugto skis tumWr-tur~ rnd -
to r.-rLsm.rc rt I% entrrncc of 855 poswd~ par squaru f~ot, tho
:vorr~ r~lrtivu donsiky of tho coolin~ air al. .

.“: ..-““ C ~-jli~ .0;@5’ ““ ‘pm
nctucd prossuro %=zq of tk2 caolin.s::iiis ~

+
““dgm@

~ l:,V ‘c: 5

inohos of watar, or 51.1 pmnds per squv~ fed.

With the fcmegoi.1~i.nformtion it is now ?fissibloto computo
the velocity of the codin~ cir rt thw exit rnd the Fran of tie exit
as wos done for the engine-codia.g system. About 76 porcont of “tho .
ori@nfil dynamic nressure for the climb condition under consideration
hns bceu oxpmdad in prossuru lasms by tho ti.m IA Fir nrrives c.ttho
roor of the intcrccolor. TIIOexit vdacity to km cror.todwith tho
rcm.ining en~rgy is so low that oxccsslwly l-rgo emit hro~s would bo .
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roquirctim Extension of exit flaps docrcnsos.tio stctic nresuro nt
the duet oxit, mnki.ngavnilr.blcc grcrt~r pressure difforoncw for ox-
polling tlnarir, ‘:rhichcrw.ttisP higher exit Yolzcity ~nd mckos a moro
rcrsmmblu uxit aron poss~blc. Thu c.nclysisfrwa this poiut on
differs fr~n prcvinas c~Isc8hrvinG unoxtcnded flr.psin the.ttic.pros-
surL ft the exit (st~tian 4) is subntnosphorio by n flrp boost cstimtod
t“Jbo 0.2qo (16 lb/sq f%)- ticc~usocd’tht:l-rgc oxtcrunl drc.g
uffucts ilicparction with Cmtor.do?.flrps, inlx.rri.lhwscpwor crlculr.-
tians in ~is ccso :,r~reg~rdcd 7.sof littlo >r no 7-lJCJ. Smca tx-
pcrimmtr.1 mflsur-mcts fbf’tic iItiluoncc~f flf?s an the prussurc (t
th~ exit rr~ drrg ‘d?tic rirpl~z.>rr~-givon in rdfarcncc ~.
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,.-, . ...+.: ---- ,- CO1;CLUDING.REWRKS.- . . -. . . ...

The analyses of design conditions for en interoooler and an
oil ocmler have been illustrated rath r than the mthod of the
seleotion of optimum units. Obviously, for a particular airplane
the available sizes and types ~f heat exchangers should be considered
iTI<;rderta arrive at the best arrangement with due regard to the
relative importance of U-m varinus factws involved. One suoh .
factor may be wei@t, or simply tho drag horsepower associated with
the weight, gd.venby the relation “

CD ‘5weight-drag hp = weip$t x — x —
c. 550

Thero is an ever-inci-pnsin~dumand for relisble oradiction ‘If
cz.”>1ing porfmm MCO ~whg to thu nuoessity ‘IfU1iminating sxpGri,montal
airplanes nr.dcf pr>ccmting ir.wsdie~%lyfrom thtid~sigu ta largti-scalo
prxluotion. Buouuso nf this situati~riend the incrcasa in tho spcods
and fil.titucleenf flight, thcr~ is en urgent nod far acournto Rnd rnme
extur:sivobasic data on the chmact~riwtics )fungihcs, superohsrgers,
heat exchangers, efi c.~clir.g-flirducts.

Lcrgley Hx!wrial AcrontiuticalLaboro.tary,
NatiOnRl Advis●ry G.mifdthu f~r A.rmnutics,
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Ii.m3al I 0.7 -
Item ;~litary rctmd a?rllxdrfited

pmwx rower cr’~isep.IWCr
Br~ke output, hp 22(30 2090 lL1.00
mine speoc?.,rpn 26Q0 21@o .*236o
Carburetor pressuruj in. Hg 23.8 2a.1
C~rburete;ri.cnp~rrture, ‘F lCJO 100
.’.ircrmsmpti m, lb/Ifin ~~ ;; lp
SnGOtfiC fUGl crmsurmti~lr.,lbfihp-hr 0.76 0.70 0.50
0;1 hoot rojecti-ln,htu/r.in 6500 5500
oil circulating, lb/nin 135 130
Oil tcmocrature, “7F 185 185 1C5
Knximum roar head torqwrpture, 2F 450

(
%25 11.ilo
b450

Ef’footivebaffle mea, sq f% 3.2 3:2 ~.2
Hart rejection fron fins, Dttifin 26,000 25,000 23,800
Supercharger temernture ratio
efficiency O*65 O-65. 0=65

I
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i’ltltude
(ft)

3,00:
6,000.
10,000
15,000
20,000
25,000
30,000

Lltitudo
(f’t)

3,00:
6,000
10J000
15,000
20;000
25,000
p,000

13

TABIJlII - PERFOR!2NCE Di.TA.

Hilitmy

power

High opeod

303
34
325
339
357
375“
393

True qirspood, mph

T
High aneod Cltib

.291” 170
ml 170
311 M6
g 198

215
358 235

268
h? 327

TI.BLE111 - EWWERTIES OF ..RW S-UKlXR $.IR

1G95
1694
1453
1192
972
*5
620

*

I
0.7

.nq.~.lr~~d
oruiso power

t
259
268 I276 “
298
303
318 I

-3--1

Dmsi ty, p
(slugs/ Ou ft)

0.002210
.002015
.001840
.001620
.001378
.001160
.000$l~
.000011

—
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TABLE IV

HI(3HSPEED- MYlM4L RATED POWER

Altitude, rt o 3,000 6,000 10,OOO

Engine Ooollng !55:g 48:$
211 Oooltig

47* 00 y: W70 Sp; 34.40

(lb~seo) Interoooltig -—— — — 1::5J ‘—10.02
Chargeair

9:27 —pg
3.a8 3.88 3.88 . &88 8.88 ●

Enginecooling $?; 69Te0

Q oil Oooling 187e4 —
(CU ft/see)Intercooitig --— —. ,---

Charge alr 51.4 56.1 6ze1 68,9 80.1 9s. o

Engine coolLng 52.0 :&.; 52.0 ;;.: 52.0
(lb$q ft) oil 00o1ing 34.9 ●

Interoooling — -— = @&o %T-
a

J% E@no oooling 2.220 2.230 2.280 2.400 2.520
(Sq ft) 011 Oooltng .544 .488 — .414 -—

Interooollng -— —-- . .706 .622 ●66’7

Internal Engineooollng 101.0 101.00 98.0 lo8.~ :U* 3 1:I& 128.0
20.2 15.82 -—

0Tg70wer %%%%g —— —- -— 40.60 slx- 31.60 38.s T
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TABLEV

CLIMB - NORMALRATED POWER

JUtitude~ft o I 3,000 6,oOO I109000 15,000 20,00C 25,000

Enginecooling
Oil cooling

(lb~sec) Interoooling
Chargealr

41.50 39*70
11.66 10.16

——- --—
3.88 3.88

30.50
6.33
7.45
3m88

28.00

7.93
3.88

Engine cooling
Q Oil cooling

(CU ft/eeo) Interoooling
Charge atr

;;? ; 599.0
165.2

— -—
XC5 58.5

625.0 665.0 719.0
159.8 -—
126.6 152*5
72.3 84a5

780.0
182.0

844.0

239.0
116.9

36.0

190.1
99;2

(ll$q ft) IEngine‘cooling
O*1 Coolzng
Intercooling

36

I

36.0
28 23.4
.-.-— .-,

36.0 36.0 I36.018.5 ——-
24.0 29.6

36,0
1603
37e619.9 51.1

J%

I

Engine cooltng
( Sq ft)- Oil cooling

Interoooling

4.250 + 29o
1.014 .878

—.- - -.-.—

4.300 4.380 4.360
● 700 -.”—
.541 .662

4.250
● 646
● 821

3.870
~—.w

L096.● 475

Internal IMgine coollng
hor~;:;wer 011 cooling

Intercooliw

9:: 62.00
10.94

63.5 6;:M& 73.40
-- --

76.g 80.0
——
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TABLEVI

HIGH SPEED - MILITARY POWER

Altitude,ft o 3,000i 68000 10,000 X5$000 20$000 25,000
.

Engine coollng 43.60 42.40 40.00 37.70 34.50 32.40 30030
Oil cooling

(lb~seo)
17.00 1%83 -—— 11.13 —-- 8.10 -—

IntercoolLng ----— ----- -—— --;”~- 16,00 13.55 12e82
Chargeair 4*37 4.37 4.37 4.37 4.37 Jbsv

,.
Engine cooling 575.0 (55,g 626.0 665.0 707.0 775.0 85100

Q 011 cooling
(cu ft/i3ec)Intercooling

251.6 —- -— 226.4 ------ 232.0 --—
---.-- -..— — —— 390.0 401.0 472eO

Chargeair 5’7.7’ 62.7 68z- ’77.1 89.6 104.5 122.8

Enginecoo12ng 38 39
(lb~o ft) 011 cooling 53 44 -z—.

38.0 37.0 38.0 39.0
32.3 —~- 25.~ ----

Intercooling —— 0-— ---.—- ---—- 116.5 102.0 109.9

A4 EngineCooling 1.740 10770 1080 1.89 2::;: 2,24
(aq ft) 011 cooling .706 .628 —--- nm--n-

Interoooling .-A--
---—

---— 9-—- 1.34 1,230 1.59

Internal EnginecooM.ng 65.6 6L 00 68e7 70.00 64eO 73.40 78
horsepower oil cooling 37.4 29.24 ——- 21.60 —-—

(hp) Intercooling
16.38 -—

-—-- --—m --- —--0 - 110.0 94*30 117,
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FOM ~ .- FORM FOR DESIGN

Unit analysod ~

tngino ——.,- Opeolfloatlon —-——- Dato ——

?light oondltdon J!MLJPU9 -H ~*.~ #@r bE pew~~
?ransitlm *t&w*

U, 406 ~6~r I
-——

PreS- 2emper-Veloc- Pres- Temper- Rela-Speclflo Dynnaic Alr
ta-

cross-
sure ature 2,*, sure ; atwe, Density, t.ive weight, pres-- rlOw, qow, sectlona:

Ion losses, change,
~lAPq ft +;l [ft/see) :lb/:q ft) (%:B5 ) [

sure , area,
:lb/!!ec) (8u f$5ec:

r (lb/:q rt) (sqAft)

I

o . 52r 972 +87 0.00//40 /70

z Q L3 - 1115 5-/0 .001z8~ 3$3 90%

3 51 +7 — /074 r57

4- ?#r -j444 416.8 972 T4Z% .00/0++ 935 37*3 ///0 A’44

lU7ZRWaL H4RtEP4w6~ ~U
1 I



I

1

Engine _ S!po(?lflcation——.—. Date

I I

lela-Speclfic DynamiG Alr
Y

oro9s-
Uvo wel&ht, pro8- flglr, ?10 , ●e%iow
len- Suro,
Elty,(lb/:: ft) (lb/8oo)[m ?:/#@a: 7

6 (lb/#: f%: (8q tt)

.+3+ . z 93 %39

3s7
—

.3+L 31 z 93 299, /.096
1
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IUCA Flgo 1

0 1 4

0’ i

.

I
Static pressure, p above

free.stream static pressure

F’. I

4

%3

Dynamic presmre, q

. I
Figure 1. - Preesure variation in a cooling duct .

.
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NACA
5

4

..,,.

3

Exit area,
q ft “

2

1

0

1.0

.8

.6
Exit area,
Sq ft

●4

.2

0

o 4,000 8,000 12,000 16,00Q 20,000 A$,ooo
Altitude, ft

Figure 3.- Engine coollng-alrexit area.

NorHal rate d pc wer, cl~ .mb
~ —

\ Militar~ pov‘er,hl~ 1Sp !ed
~

~ — d

Normal rated PClwer,hl~r> s:>eed
U-L

o 4,000 8,000 12,000 16,00020,000 4,000
Alt%tude, ft

Figure 5..’ Combined exit area for the two oU-
cooler ducts.



lfACA

S600

FiWXW 4.- The &w’aetarlstics of an 011 oooler. Diametot,
M lnchos; depth, 9 Imohes.



NACA

20
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18

16

14

12

Coolln~
alr

Cl API ,
av 10

~n. water

6

4

2

0

Cooltng-alrflow, M1/w , lb/sec/tn.

o ● 10 ● 20 .30 .40 ● 50

0 2 4 6 8 10 12
Charge-aire2av AP2 , in. water

.-

● 30
Charge-air

flow, M2/w

●2O lb/see/in.

.10

0

Fi
r

e 6.- Intercoolerperformance, Cooling length,
inches; engine length, 14 inches.



IJACA Fig.7
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. ltACA Fig.8

10

8

Entrance
area, Sq ft A

5

4
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2

8

High speei

15,000ft stendard elr

I

II
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Ventranc#flight
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*
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Figure8.- Entrance-area selection ourves.
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